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In this invited talk I discuss two recent applications of charmonium (Ψ) decays to NN¯m final
states, where N is a nucleon and m is a light meson. There are several motivations for studying
these decays: 1) They are useful for the study of N∗ spectroscopy; 2) they can be used to estimate
cross sections for the associated charmonium production processes pp¯→ Ψm, which PANDA plans
to exploit in searches for charmonium hybrid exotics; and 3) they may allow the direct experimental
measurement of NNm (meson-nucleon) strong couplings, which provide crucial input information
for meson exchange models of the NN force. The latter two topics are considered in this talk, which
will also compare results from a simple hadron pole model of these decays to recent experimental
data.
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I. INTRODUCTION
Ψ → NN¯m charmonium decays have previously at-
tracted interest as an unusual channel for searches for
excited N∗ nucleon resonances, for example through se-
quential decays of the type Ψ→ (N∗N¯ + h.c.)→ NN¯m.
Recent theoretical work has suggested two additional ar-
eas that may be addressed through studies of Ψ→ NN¯m
decays, which expands N∗ searches to the following set
of topics:
1) Investigations of N∗ excitations.
2) Crossing estimates of cross sections for the PANDA
processes pp¯→ Ψm.
3) Estimates of meson-nucleon (NNm) strong couplings.
In this talk I will specialize to the latter two (more re-
cent) topics. Reviews of the first topic, N∗ spectroscopy
from charmonium decays, may be found in the literature
[1, 2].
II. ESTIMATES OF PANDA CROSS SECTIONS
FROM Ψ → NN¯m DECAYS
As the PANDA project [3] plans to produce hy-
brid charmonium exotics using the associated proton-
antiproton production process pp¯ → Ψm, there is nat-
urally great interest in the scale of these cross sections
for various choices for the charmonium (or charmonium
hybrid) state Ψ and light meson m. Unfortunately, very
little is known about these cross sections. The only
such reaction that has been observed experimentally is
∗Address from 3 Jan. 2011: U.S. Department of Energy, Office of
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pp¯ → J/ψpi0, which was studied by E760 and E835 at
Fermilab. The data consists of just two E760 data points
[4] for the cross section near the hc mass and several un-
corrected [5] or unpublished [6] E835 points. Clearly any
approach that can give cross section estimates at other
energies or in other channels will be of considerable in-
terest to PANDA.
One interesting possibility is to use BES or CLEO-c
data on the three body decays Ψ→ pp¯m to estimate the
cross sections for pp¯ → Ψm at PANDA. This is possible
because these two processes are related by crossing, and
as such have a common invariant amplitude. The Ψ →
pp¯m differential decay rate (Dalitz plot event density)
and pp¯→ Ψm differential cross section are given by
dΓΨ→pp¯m =
1
2SΨ + 1
1
(2pi)3
1
32M3
Ψ
{∑
|M|2
}
dm2mp dm
2
pp¯ .
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}
. (2)
Lundborg et al. [7] used this crossing relation to estimate
near-threshold associated charmonium production cross
sections at PANDA energies from charmonium partial
widths under the simplifying assumption of a constant
amplitude; eliminating this constant between the above
equations leads to the simple relation
σpp¯→Ψm = 4pi
2(2SΨ + 1)
M3
Ψ
AD
ΓΨ→pp¯m
[
pmcm
pp cm
s−1
]
. (3)
where AD is the area of the Dalitz plot. This simple
formula gives results for pp¯ → J/ψpi0 that are about a
factor of 2-3 larger than the E760 data points, which is
encouraging in view of the simplicity of the approach.
This prediction, together with a range of estimates from
a PCAC-like hadron pole model introduced by Gaillard
et al. [8] (applied to this process by Lundborg et al. [7])
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FIG. 1: The estimated cross section for pp¯ → J/ψpi0 using
the constant amplitude formula Eq.3, evaluated by Lundborg
et al. [7] (solid line) A hadron pole model estimate (shaded
area labelled PCAC, also from Lundborg et al.) and the two
E760 points [4] are also shown.
and the two E760 points of Armstrong et al. [4] are shown
in Fig. 1.
Although the constant amplitude results (e.g. the solid
line in Fig.1) are evidently useful as estimates, one might
hope to develop a more realistic model of these char-
monium decays and associated charmonium production
reactions. A pole model for low energy pp¯ associated
charmonium production using an effective hadron La-
grangian was proposed in 1982 by Gaillard et al. [8],
who considered aspects of the reaction pp¯ → J/ψpi0
at LEAR. A similar model has since been applied to
Ψ = ηc, J/ψ, χ0, χ1 and m = pi
0, σ and ω (and flavor
partners) in a series of papers by Barnes, Li and Roberts
[9–11], who have calculated pp¯ → Ψpi0 differential and
total cross sections [9] and Ψ → pp¯m Dalitz plot densi-
ties [11]. When applied to Ψ→ pp¯m this model assumes
dominance by the Feynman diagrams of Fig.3.
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FIG. 2: Estimates of PANDA pp¯ → Ψpi0 associated charmo-
nium production cross sections from the hadron pole model
[9]. The data points shown are all for pp¯→ J/ψpi0, from E760
(solid) [4] and E835 (open, unpublished) [6].
The predictions of this hadron pole model for the
PANDA pp¯→ Ψpi0 cross sections are shown in Fig.3. Ev-
FIG. 3: The Feynman diagrams assumed for Ψ → pp¯m in the
hadron pole model [11].
idently the predicted cross sections for χc0 and especially
ηc production are much larger than the 0.1 [nb] scale of
the only experimentally studied case, pp¯ → J/ψpi0. If
correct, this is certainly good news for PANDA. These
results suggest that C=(+) charmonia may have much
larger associated production cross sections at low ener-
gies than C=(−) charmonia, perhaps due to the produc-
tion of C=(+) cc¯ from a gg intermediate state. Similar
estimates of cross sections for associated processes of the
type pp¯ → Ψm using this model will be possible given
information on the relevant NNm couplings; the use of
Ψ→ NN¯m to estimate these is discussed below.
III. ESTIMATES OF NNm STRONG
COUPLINGS FROM Ψ → NN¯m
Meson-baryon strong couplings play many important
roles in strong interaction physics; examples include
their use in calculating strong decay widths and branch-
ing fractions of excited baryons, and in meson-exchange
models of the NN force. Despite their great importance,
most of these couplings (which are actually momentum-
dependent strong form factors) are poorly established ex-
perimentally. A rare exception is the pion-nucleon cou-
pling constant, which is gNNpi ≈ 13. Although other
couplings such as NNω and NNρ are fitted to data in
NN scattering models, it is not clear whether the as-
sumed meson exchange is actually a realistic description
of the short-ranged NN force.
There is an exciting possibility that Ψ → NNm
strong decays may provide a novel set of estimates of
these NNm couplings. To the extent that these de-
cays are well described by the Feynman diagrams of
Fig.2, NNm couplings may be estimated from the ra-
tio Γ(Ψ → pp¯m)/Γ(Ψ → pp¯): The a priori unknown
coupling gNNΨ cancels out in this branching fraction ra-
tio, leaving an estimate of the NNm coupling constant
(squared). As a test case, an explicit calculation [11] of
|gNNpi| using the ratio Γ(J/ψ → pp¯pi
0)/Γ(J/ψ → pp¯)
lead to the estimate
gNNpi
∣∣∣∣
J/ψ→pp¯pi0
= 13.3± 0.6 (4)
which is consistent with the standard value of gNNpi.
The same calculation using ψ′ decays finds a somewhat
smaller estimate of gNNpi = 9.9 ± 0.7, which suggests
some complications in this approach.
3Ideally one should be able to use any initial charmo-
nium state Ψ with allowed quantum numbers for these
coupling constant estimates, so many cross checks should
be possible; the crucial assumption is that the sequential
decay Feynman diagrams of Fig.2 are dominant. Unfor-
tunately, recent CLEO measurements [12] show that in
some Ψ → pp¯pi0 decays the Dalitz plot event distribu-
tions are not consistent with the sequential decay pro-
cess. In χc0 → pp¯pi
0 in particular, there is clear evidence
for dominance of the Dalitz plot by a low pp¯ invariant
mass enhancement, as has been noted by BES in several
other related charmonium decays. In this case the theo-
retical Ψ → pp¯m decay model must be extended by the
inclusion of this low mass pp¯ enhancement; some pos-
sible processes that would lead to this effect have been
discussed by Sibirtsev et al. [13].
One possibility for an NNm coupling measurement in
a decay that does not have a strong low mass pp¯ final
state enhancement [14] is J/ψ → pp¯ω, which may allow
estimates of the two NNω couplings gω and κω. Since
the ω plays a very important role in NN force models
as the origin of short-ranged NN repulsion, and the pp¯ω
Dalitz plot event distribution has been shown to be quite
sensitive to the anomalous coupling κω in the hadron pole
model [11], it would be very interesting to carry out such
a study.
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